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(54) RFID TAG

(57) The present invention aims to provide an RFID tag capable of improving antenna efficiency with a simple
configuration. Such an RFID tag includes: an antenna 3 configured to perform transmission/reception of signals with a
reader/writer; an IC chip 1 to which the antenna 3 is connected; a plurality of connection terminals 5A and 5B inside
outer peripheral edges of an insulating layer on which the antenna 3 is formed; and an annular antenna-forming area
on the entire periphery or substantially the entire periphery of the insulating layer with a distance between the outer
peripheral edges of the insulating layer and the plurality of connection terminals 5A and 5B serving as a width in the
inward and outward directions. The antenna 3 is formed into a loop, with the connection terminal 5A that is one of the
plurality of connection terminals serving as a starting point and the connection terminal 5B that is one of the remaining
connection terminals serving as an endpoint, so that a conductor line is turned within the antenna-forming area.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Japanese Pat-
ent Application No. 2016-082202, the disclosure of which
is incorporated herein by reference in its entirety.

FIELD

[0002] The present invention relates to an RFID tag
including an antenna for performing non-contact trans-
mission/reception of signals with a reader/writer.

BACKGROUND

[0003] Such an RFID tag includes an IC chip config-
ured to record information and an antenna connected to
the IC chip. In the RFID tag, wireless communication with
the reader/writer is performed by the antenna, and there-
by information stored in the IC chip is read out, or infor-
mation is written in the IC chip.
[0004] There has been a growing demand for minia-
turizing such RFID tags in recent years, and a miniatur-
ized RFID tag disclosed in Patent Literature 1 is already
known, for example, as an RFID tag that meets the de-
mand. The antenna of the RFID tag is constituted by a
multilayer antenna stacked over the IC chip and integrally
joined thereto. The multilayer antenna includes a base
material having substantially the same outer dimensions
as the IC chip, a first coil formed on the base material, a
second coil stacked on the first coil via an insulation film,
and a protective film protecting the second coil.
[0005] In the RFID tag of Patent Literature 1, the an-
tenna is a multilayer antenna, and therefore has a large
number of turns. As a result, the RFID tag is said to be
capable of improving antenna efficiency (such as the
communication distance). However, no sufficient com-
munication distance has been achieved yet by the RFID
tag, and there is room for improvement.

CITATION LIST

Patent Literature

[0006] Patent Literature 1: JP 4713621 B2

SUMMARY

Technical Problem

[0007] The present invention has been devised in view
of such circumstances, and an object thereof is to provide
an RFID tag capable of improving antenna efficiency with
a simple configuration.

Solution to Problem

[0008] In order to solve the aforementioned problem,
an RFID tag of the present invention includes: an antenna
configured to perform transmission/reception of signals
with a reader/writer; an IC chip to which the antenna is
connected; an insulating layer on which the antenna is
formed; a plurality of connection terminals inside outer
peripheral edges of the insulating layer; and an annular
antenna-forming area formed on the entire periphery or
substantially the entire periphery of the insulating layer,
wherein the antenna is formed into a loop, with one of
the plurality of connection terminals serving as a starting
point and any one of the remaining connection terminals
serving as an endpoint, so that a conductor line is turned
within the antenna-forming area, the conductor line has
an aspect ratio in a range of 1.0 to 5.0, turns of the con-
ductor line that are adjacent to each other in a radial
direction orthogonal to a turned direction of the antenna
have substantially the same line width, the line width is
set within a range of 2 mm to 7 mm, and a spacing between
the turns of the conductor line that are adjacent to each
other in the radial direction is set within a range of 2 mm
to 7 mm.
[0009] In the RFID tag of the present invention, the
number of turns in the antenna may be 1.5 to 10.
[0010] In the RFID tag of the present invention, the
insulating layer may be a package of the IC chip, and the
antenna may be provided on the package of the IC chip.
[0011] In the RFID tag of the present invention, the
insulating layer may be a package of the IC chip, and the
RFID tag may further include a booster antenna config-
ured to operate at substantially the same frequency as
the antenna set forth.
[0012] In the RFID tag of the present invention, the
antenna may be configured to perform wireless commu-
nication in the UHF band.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1A is a plan view of an IC chip equipped with an
antenna.
Fig. 1B is an enlarged view of the upper end part of
Fig. 1A.
Fig. 2A is an enlarged view of the left side of the
upper end part of Fig. 1A.
Fig. 2B is a sectional view taken along the line II-II
in Fig. 1A.
Fig. 3A is a vertical sectional view of an IC chip
housed in a recess of a booster antenna
Fig. 3B is an enlarged view of area A of Fig. 3A.
Fig. 3C is a plan view of the IC chip housed in the
recess of the booster antenna.
Fig. 4 is an explanatory diagram illustrating the mag-
netic field calculated by electromagnetic field simu-
lations with contour lines.
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Fig. 5A is a graph showing the amplitudes of the
magnetic fields with respect to the frequencies, of
the present invention 1 and model 1.
Fig. 5B is a plan view showing the periphery of an
input and output terminal of model 1.
Fig. 6 is a graph showing the amplitudes of the mag-
netic fields with respect to the frequencies, of the
present inventions 1 and 2 and model 2.
Fig. 7 is a graph showing the amplitudes of the mag-
netic fields with respect to the frequencies, of the
present invention 1 and model 3.
Fig. 8A is a graph showing the amplitudes of the
magnetic fields with respect to the frequencies, of
the present invention 3 and model 4.
Fig. 8B is a plan view of model 4.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, a first embodiment of the RFID tag
of the present invention will be described based on the
drawings. Fig. 1A shows a passive RFID tag 4 in which
an antenna 3 is electrically conductively mounted along
the outer peripheral edges on the upper surface of a pack-
age (an insulating layer made of resin) of an IC chip 1
via an insulating layer 2.
[0015] The IC chip 1 has a substantially square shape
in plan view. The IC chip 1 may also have a shape such
as a circular, elliptical, or polygonal shape.
[0016] The IC chip 1 of 0.5 mm square (length 0.5 mm
3 width 0.5 mm) to 0.9 mm square (length 0.9 mm 3
width 0.9 mm) can be used, and the IC chip 1 of 0.9 mm
square (length 0.9 mm 3 width 0.9 mm) is used in this
embodiment.
[0017] The IC chip 1 includes connection terminals 5A,
5B, 5C, and 5D provided inside the outer peripheral edg-
es at the four corners.
[0018] Of the four connection terminals, the two con-
nection terminals 5A and 5B disposed on the upper side
of the page in Fig. 1A are connected to the antenna. More
specifically, one end of the antenna 3 is connected to the
input and output terminal 5A on one side (on the upper
left side of the page in Fig. 1A), and the other end of the
antenna 3 is connected to the input and output terminal
5B on the other side (on the upper right side of the page
in Fig. 1A). Of the four connection terminals, the two con-
nection terminals 5C and 5D disposed on the lower side
of the page in Fig. 1A are dummy terminals. In the fol-
lowing description of this embodiment, the connection
terminal 5A to which the one end of the antenna 3 is
connected and the connection terminal 5B to which the
other end of the antenna 3 is connected may be referred
to as the input and output terminals 5A and 5B, respec-
tively.
[0019] The insulating layer 2 is made of polyimide,
epoxy resin, silicone resin, or the like, and is formed by
spin coating, printing, or lamination. Further, the insulat-
ing layer 2 can be formed also by attaching a sheet or a
film formed of a photosensitive resin such as photosen-

sitive polyimide.
[0020] An annular antenna-forming area is set along
substantially the entire outer periphery of the package of
the IC chip 1. The reason why such an area is set along
substantially the entire outer periphery of the package is
that a conductor line 3a connected to the connection ter-
minal 5B is wound inside the connection terminal 5B, not
between the connection terminal 5B and the outer pe-
ripheral edges of the package, so that the conductor line
3a does not overlap itself that is wound inwardly. Further,
the antenna-forming area is set to have a specific width
in a direction orthogonal to its circumferential direction.
[0021] The antenna 3 has a spiral-shaped conductor
pattern formed within the antenna-forming area (inside
the outer peripheral edges on the upper surface of the
package (installation surface)). The conductor pattern is
in a shape that is wound multiple times (4.75 times in Fig.
1A) to be almost rectangular, and the portion where the
winding of the conductor pattern starts extends straight
from the connection terminal 5B toward an outer periph-
eral edge of the package and has a shape bending before
the outer peripheral edge of the package.
[0022] In this embodiment, each round starting from
the winding start of the conductor pattern may be referred
to as a turn in the description. The innermost portion of
the conductor pattern has a length less than one round
but will be referred to as a turn in the same manner as
the first round to the fourth round.
[0023] For the conductor pattern, various conductive
materials can be used, where copper, silver, aluminum,
and the like can be used, for example. Further, the con-
ductor pattern is formed by various fabrication methods
such as a thick-film method in which a conductor paste
is applied and baked, sputtering, vapor deposition, vac-
uum plating, photolithography, and printing.
[0024] Each turn of the conductor pattern includes a
plurality of sides of the conductor line 3a disposed cor-
responding to the outer peripheral edges of the upper
surface of the package (installation surface). The plurality
of sides of conductor line 3a are continuous with each
other and are formed into a spiral so as to be turned within
the antenna-forming area, with the input and output ter-
minal 5A on one side serving as a starting point and the
input and output terminal 5B on the other side serving as
an endpoint.
[0025] The aspect ratio of the conductor line 3a is set
within the range of 1.0 to 5.0. In the antenna 3, the larger
the aspect ratio, the larger the cross-sectional area of
the conductor line 3a becomes, thereby reducing resist-
ance components of the wiring of the antenna 3, which
is preferable for the antenna 3.
[0026] When the aspect ratio is over 5.0, production of
the antenna 3 becomes difficult. Therefore, the limit value
of the aspect ratio in the antenna 3 is 5.0.
[0027] When the aspect ratio in the antenna 3 is less
than 1.0, the number of turns of the conductor line 3a
needs to be increased in order to ensure the resistance
value, which results in an increase in the width of the
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conductor pattern. Accordingly, the number of turns of
the conductor line 3a necessary for communication can-
not be ensured within the antenna-forming area. There-
fore, the minimum value of the aspect ratio is 1.0.
[0028] As shown in Fig. 2B, the aspect ratio is a ratio
(H/L) of a long-side length (longitudinal dimension) H with
respect to a short-side length (lateral dimension) L in the
longitudinal section of the conductor line 3a. In the fol-
lowing description of this embodiment, the normal direc-
tion to the installation surface of the antenna 3 may be
referred to as the longitudinal direction, and the plane
direction of the installation surface of the antenna 3 may
be referred to as the lateral direction.
[0029] As shown in Fig. 1B, the opening area of an
opening 3K of the conductor pattern is an area surround-
ed by the four sides of the conductor line 3a located on
the innermost edges in the radial direction of the conduc-
tor line 3a, that is, surrounded by the conductor line 3a
included in the fifth turn from the outside of the conductor
pattern (which will be hereinafter referred to as first con-
ductor line 3A) (see Fig. 1A).
[0030] The line width of the conductor line 3a, that is,
the lateral dimension L of the conductor line 3a (see Fig.
2A) is constant or substantially constant across the full
length of the conductor line 3a. The line width L of the
conductor line 3a can be set to any value within the range
of 2 mm to 7 mm and is set to 2 mm in this embodiment.
[0031] A spacing (so-called line spacing) S between
the turns of the conductor line that are adjacent to each
other in the radial direction can be set to any value within
the range of 2 mm to 7 mm.
[0032] The conductor pattern is formed by the conduc-
tor line 3a wound into a spiral shape inside the outer
peripheral edges on the upper surface of the IC chip 1.
[0033] The conductor line 3a is wound into a spiral with
its position shifted inwardly in every round. Therefore,
the conductor line 3a is wound into a spiral at the spacing
S from the portion of the conductor line 3a already pro-
vided on the upper surface of the IC chip 1. In the con-
ductor line 3a, the spacing S has a constant distance at
each position in the winding direction.
[0034] Since one end of the conductor line 3a is con-
nected to the input and output terminal 5B on the upper
right side in Fig. 1A, the winding start portion of the con-
ductor pattern extends from the input and output terminal
5B toward an outer peripheral edge of the package so
that the conductor line 3a does not come into contact
with itself that is thus connected to the input and output
terminal 5B, and the portion following the winding start
portion passes inside the input and output terminal 5B.
[0035] As described above, the IC chip 1 is 0.9 mm
square (length 0.9 mm 3 width 0.9 mm), and distances
Z1 and Z2 from the outermost edges of the IC chip 1 to
the input and output terminal 5A (the input and output
terminal on the upper left side in Fig. 1B) are 65 mm and
65 mm, respectively. The conductor line 3a in the first
turn (one round from the winding start) to the fourth turn
of the conductor pattern is disposed so as to pass be-

tween the input and output terminal 5A and the outermost
edges of the IC chip 1.
[0036] The conductor line 3a in the first to fourth turns
of the conductor pattern passes also between the two
dummy terminals 5C and 5D and the outermost edges
of the IC chip 1.
[0037] In this way, the conductor line 3a in the first to
fourth turns of the conductor pattern is wound into a spiral
and sequentially passes outside the connection termi-
nals 5D, 5C, and 5A (between the connection terminals
5D, 5C, and 5A and the outer peripheral edges of the
package) and inside the connection terminal 5B, which
thereby allows the conductor line 3a to be wound into a
spiral so as not to overlap itself in the inward and outward
directions.
[0038] The conductor line 3a included in the fifth turn
of the conductor pattern (that is, the first conductor line
3A) passes inside the dummy terminals 5C and 5D. The
number of turns in the antenna is 4.75 but is set to any
number from 1.5 to 10 corresponding to the resonance
frequency (which is herein 920 MHz).
[0039] When the line width L of the conductor line 3a
is less than 2 mm, the conductor pattern cannot be pro-
duced, and when it exceeds 7 mm, the necessary number
of turns cannot be ensured. Therefore, the line width L
is set to a value within the range of 2 mm to 7 mm.
[0040] Similarly to the line width L of the conductor line
3a, when the spacing (so-called line spacing) S between
the turns of the conductor line 3a is less than 2 mm, the
conductor pattern cannot be produced, whereas when it
exceeds 7 mm, the necessary number of turns cannot be
ensured. Therefore, the distance is set to a value within
the range of 2 mm to 7 mm.
[0041] The distances Z1 and Z2 from the outermost
edges of the IC chip 1 to the input and output terminal
5A are not limited to 65 mm and 65 mm, respectively, and
can be set to any numerical values within the range of
30 mm to 90 mm, respectively. Further, although the case
where the distance Z1 and the distance Z2 from the out-
ermost edges of the IC chip 1 to the input and output
terminal 5A are the same as each other is described here-
in, the distance Z1 and the distance Z2 may be different
from each other.
[0042] The resonance frequency of the RFID tag con-
figured as above is set to 920 MHz. The resonance fre-
quency f is determined by the following formula: 

where L represents the equivalent inductance, and C rep-
resents the equivalent capacity of the IC chip generated
between the input and output terminals 5A and 5B. The
necessary equivalent inductance L of the coil from the
aforementioned formula is determined by the following
formula: 
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[0043] That is, in order to set the resonance frequency
f to 920 MHz (which may be any value of 865 MHz to 928
MHz) that is in the UHF band, either value L or C is de-
termined so that the other value L or C is then determined
accordingly.
[0044] C is a unique value determined for each IC chip
1, and therefore it is necessary to appropriately set the
value L based on the value C, and the value L is deter-
mined corresponding to the aspect ratio of the conductor
line 3a, the line width L, and the spacing S between the
turns of the conductor line 3a. These values are set within
the aforementioned ranges.
[0045] The values of the aspect ratio of the conductor
line 3a, the line width L, the spacing S between the turns
of the conductor line 3a are set in the aforementioned
ranges so that the conductor pattern 3 in which the con-
ductor line 3A or 3a disposed close to the outer peripheral
edges of the insulating layer is formed. As a result, it is
possible not only to increase the radius of the antenna
but also to increase the number of turns. Therefore, the
radius of the antenna can be increased while the resist-
ance to the current flowing through the conductor line is
suppressed, and thus antenna efficiency (communica-
tion distance) can be improved by increasing the antenna
gain (gain).
[0046] Further, the coil inductance L, a cross-sectional
area S of the coil, and the number of turns N have a
relation of L = AN2S, where A represents a constant.
From the aforementioned formula, when the number of
turns N increases and the cross-sectional area S of the
coil increases, it is possible to increase the inductance L
and reduce (lower) the resonance frequency.
[0047] Next, a method for producing an RFID tag by
attaching the antenna 3 to the IC chip 1 will be described.
[0048] The upper surface of the IC chip 1 is coated with
PI (polyimide) as an insulating layer. Then, the insulating
layer is further coated with a seed layer for plating by
sputtering. Further, a mold for depositing an antenna pat-
tern is formed over the seed layer using a photoresist.
[0049] Subsequently, the process proceeds to a plat-
ing step, and the antenna pattern is deposited. Thereaf-
ter, the mold layer is removed, and then the exposed
unnecessary seed layer is removed. Thereafter, a pro-
tective film to protect the antenna pattern is coated with
PI (polyimide)to finish the production of the RFID tag.
[0050] Subsequently, a second embodiment will be de-
scribed. As shown in Fig. 3A and Fig. 3C, the RFID tag
4 according to this embodiment includes the aforemen-
tioned antenna 3 provided on the upper surface of the IC
chip 1 and a booster antenna 6 configured to operate at
substantially the same frequency. The RFID tag 4 ac-
cording to this embodiment has an advantage of being
capable of enhancing the transmission/reception sensi-
tivity and thereby increasing the information transmission

distance, by including the booster antenna 6. The anten-
na 3 mounted on the IC chip 1 has the same configuration
as in Fig. 1A, Fig. 1B, Fig. 2A, and Fig. 2B, and therefore
the relevant descriptions are omitted. In Fig. 3B and Fig.
3C, the antenna 3 is not shown.
[0051] The booster antenna 6 includes a conductor
pattern (antenna) 9 in which a conductor line 9a is wound
substantially 1.75 times (which may be multiple turns of
2 times or more up to 5 times) into a spiral on the outer
periphery of a ceramic rectangular base 7 (which may
be made of other various synthetic resin materials) as an
insulating layer (installation plane) via a ceramic insulat-
ing layer 8. A ceramic mount 10 having a recess 10A that
is rectangular in plan view and is configured to mount the
IC chip 1 is formed on the insulating layer 8.
[0052] The antenna 9 is configured to resonate at the
same frequency as that of the IC chip 1. The antenna 9
performs communication by being electromagnetically
coupled to the antenna 3 of the IC chip 1. That is, the IC
chip 1 performs communication with a reader/writer via
the booster antenna 6. Accordingly, although the size of
the antenna 3 of the IC chip 1 is small, the communication
distance can be increased by performing communication
via the booster antenna 6 that is larger than the antenna
3 of the IC chip 1. The reader/writer is a device capable
of communicating with the IC chip 1.
[0053] Since the antenna 3 of the IC chip 1 is consti-
tuted by an on-chip antenna in which the antenna 3 is
integrally formed with the IC chip 1 itself, the need for
contact points to connect the IC chip 1 and the antenna
3 to each other is eliminated.
[0054] Since the IC chip 1 and the booster antenna 6
are electromagnetically coupled to each other, there is
an advantage of being environmentally resistant. For ex-
ample, when a common RFID tag is used in an environ-
ment such as low temperature, high temperature, and
vibration, the line may be disconnected in connected por-
tions between the antenna and the IC (including adhe-
sives), narrow-pattern portions of the antenna, or other
portions due to vibration or deformation resulting from
differences in thermal expansion among the antenna ma-
terial, the base material, the adhesives, or the like. In
contrast, when an RFID tag in which the IC chip 1 includ-
ing the aforementioned on-chip antenna is combined with
the booster antenna 6 electromagnetically coupled there-
to is used, the IC chip 1 needs only to be installed around
the center of the booster antenna 6 (the recess 10A in
Fig. 3A), and therefore the RFID tag can be environmen-
tally resistant, without line disconnection due to thermal
expansion or vibration. Note that the IC chip 1 that has
been installed around the center of the booster antenna
6 may also be molded with a resin having the same or
almost the same coefficient of thermal expansion as ce-
ramics.
[0055] As the conductor pattern 9, various conductive
materials can be used, where examples thereof can in-
clude copper, silver, and aluminum. The conductor pat-
tern 9 is formed by various fabrication methods such as
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a thick-film method in which a conductor paste is applied
and baked, sputtering, vapor deposition, vacuum plating,
photolithography, and printing.
[0056] As shown in Fig. 3C, the opening area of an
opening 9K of the conductor pattern 9 is an area sur-
rounded by the four sides of a first conductor line 9A (see
Fig. 3C) located on the innermost peripheral edges, in
the conductor line 9a located in the radial direction.
[0057] The turns of the conductor line 9a that are ad-
jacent to each other in the radial direction have substan-
tially the same line width, that is, substantially the same
short-side length (lateral dimension) L. Further, the
number of turns in the antenna is 1.75, but the number
of turns is preferably any of 1.5 to 10.
[0058] The RFID tag 4 of the present invention shown
in Fig. 1A, Fig. 1B, Fig. 2A, and Fig. 2B has a conductor
pattern with 4.75 turns, but the RFID tag of the present
invention may have a conductor pattern with 5.75 turns.
The following will examine three types of RFID tags of
the present invention having different specifications (with
the same number of the turns of 5.75), and other four
types of RFID tags having specifications that are partially
different from the specifications of the RFID tags of the
present invention as comparative examples, by making
graphs of the amplitudes of the respective magnetic fields
calculated by electromagnetic field simulations. Fig. 4
shows the magnetic field calculated by electromagnetic
field simulations with contour lines. In Fig. 4, a point lo-
cated at a distance of 2 mm in the Z-axis direction from
the center of the package of the RFID tag is referred to
as Pobs, and the magnetic field at the point Pobs is calcu-
lated every 20 MHz from 715 MHz to 1115 MHz. These
calculated values are plotted on a graph, with the hori-
zontal axis representing the frequency (GHz) and the ver-
tical axis representing the amplitude (A.U.) of the mag-
netic field. Here, the amplitude of the magnetic field at
915 MHz that is the operating frequency is important, and
the larger the value of the amplitude, the more the com-
munication distance is improved.
[0059] In Fig. 5A, the data of the RFID tag of the present
invention 1 are plotted with black dots, and the data of
the RFID tag of model 1 as a comparative example are
plotted with "+". In the RFID tag of the present invention
1, the antenna is disposed in the antenna-forming area
between the outer peripheral edges of the insulating layer
and the plurality of connection terminals, the aspect ratio
is set to 1.25, the line width of the turns of the conductor
line 3a that are adjacent to each other in the radial direc-
tion is set to 4 mm, the spacing (so-called line spacing)
S between the turns of the conductor line 3a from each
other is set to 2.83 mm, and the number of turns is set to
5.75. In contrast, in the RFID tag of model 1, the antenna
is disposed in the antenna-forming area between the out-
er peripheral edges of the insulating layer and the plurality
of connection terminals, the aspect ratio is set to 1.25,
the line width of the turns of the conductor line 3a that
are adjacent to each other in the radial direction is set to
10 mm (which is a value out of the range of the present

invention), the spacing (so-called line spacing) S be-
tween the turns of the conductor line 3a from each other
is set to 8 mm (which is a value out of the range of the
present invention), and the number of turns is set to 1.75.
[0060] The reason why the number of turns in the con-
ductor pattern is 1.75 is that, when a conductive material
having a line width of 10 mm is wound once, as shown
in Fig. 5B, a distance M between the conductor line 3a
and the connection terminal 5B is 25 mm.In contrast, in
the case where a conductive material in which the dis-
tance between the turns of the conductor is 8 mm and
the line width is 10 mm is wound twice, the spacing be-
tween the turns of the conductor line 3a needs to be en-
sured also from the connection terminal 5B, and therefore
a line width of 10 mm + distances between turns of con-
ductor of 8 m 3 2 = 26 mm is needed, which exceeds 25
mm that is the distance M. Thus, such a conductive ma-
terial cannot be wounded twice.
[0061] Therefore, the number of turns of the conductor
pattern is limited up to 1.75. The graph of Fig. 5A shows
that, while the size of the magnetic field of the RFID tag
of the present invention 1 at 915 MHz that is the operating
frequency is a value over 100 (A.U.), the size of the mag-
netic field of the RFID tag of model 1 at 915 MHz that is
the operating frequency is less than 10 (A.U.), resulting
that the communication distance of the RFID tag of the
present invention 1 can be increased as compared with
that of the RFID tag of model 1. In the RFID tag of model
1, the line width of the conductor line 3a and the spacing
between the turns of the conductor line 3a are out of the
ranges of the present invention, and it is important that
the line width falls within the range of 2 mm to 7 mm, and
that the spacing between the turns of the conductor line
3a falls within the range of 2 mm to 7 mm, as in the present
invention.
[0062] In Fig. 6, the data of the RFID tag of the present
invention 1 are plotted with black dots, the data of the
RFID tag of the present invention 2 having a different
specification from the RFID tag of the present invention
1 are plotted with black triangles, and the data of an RFID
tag as a comparative example having a different speci-
fication from model 1 are plotted with outlined rhombus-
es.
[0063] In the RFID tag of the present invention 1, the
antenna is disposed in the antenna-forming area be-
tween the outer peripheral edges of the insulating layer
and the plurality of connection terminals, as described
above, the aspect ratio is set to 1.25, the line width of the
turns of the conductor line 3a that are adjacent to each
other in the radial direction is set to 4 mm, the spacing
(so-called line spacing) S between the turns of the con-
ductor line 3a from each other is set to 2.83 mm, and the
number of turns in the conductor pattern is set to 5.75.
[0064] Further, in the RFID tag of the present invention
2, the antenna is disposed in the antenna-forming area
between the outer peripheral edges of the insulating layer
and the plurality of connection terminals, in the same
manner as in the RFID tag of the present invention 1, the
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aspect ratio is set to 2.5 (a value different from that in the
present invention 1), the line width of the turns of the
conductor line 3a that are adjacent to each other in the
radial direction is set to 4 mm (the same value as that in
the present invention 1), the spacing (so-called line spac-
ing) S between the turns of the conductor line 3a from
each other is set to 2.29 mm (a value different from that
in the present invention 1), and the number of turns in
the conductor pattern is set to 5.75.
[0065] In contrast, in the RFID tag of model 2, the an-
tenna is disposed in the antenna-forming area between
the outer peripheral edges of the insulating layer and the
plurality of connection terminals, in the same manner as
in the present invention 1, the aspect ratio is set to 0.5,
the line width of the turns of the conductor line 3a that
are adjacent to each other in the radial direction is set to
4 mm (which is a value within the range of the present
invention), the spacing (so-called line spacing) S be-
tween the turns of the conductor line 3a from each other
is set to 3 mm (which is a value within the range of the
present invention), and the number of turns in the con-
ductor pattern is set to 5.75.
[0066] The graph of Fig. 6 shows that, while the size
of the magnetic field of the RFID tag of each of the present
invention 1 and the present invention 2 at 915 MHz that
is the operating frequency is a value over 100 (A.U.), the
size of the magnetic field of the RFID tag of model 2 at
915 MHz that is the operating frequency is nearly 80
(A.U.), resulting that the communication distance of the
RFID tag of each of the present invention 1 and the
present invention 2 can be increased as compared with
that of the RFID tag of model 2. In the RFID tag of model
2, only the aspect ratio is out of the range of 1.0 to 5.0,
which is the range of the aspect ratio of the present in-
vention, and it is important that the aspect ratio is set
within the range of 1.0 to 5.0, as in the present invention.
[0067] In Fig. 7, the data of the RFID tag of the present
invention 1 are plotted with black dots, and the data of
the RFID tag of model 3 as a comparative example are
plotted with "3". In the RFID tag of the present invention
1, the antenna is disposed in the antenna-forming area
between the outer peripheral edges of the insulating layer
and the plurality of connection terminals, as described
above, the aspect ratio is set to 1.25, the line width of the
turns of the conductor line 3a that are adjacent to each
other in the radial direction is set to 4 mm, the spacing
(so-called line spacing) S between the turns of the con-
ductor line 3a from each other is set to 2.83 mm, and the
number of turns in the conductor pattern is set to 5.75.
[0068] In contrast, in the RFID tag of model 3, the an-
tenna is disposed in the antenna-forming area between
the outer peripheral edges of the insulating layer and the
plurality of connection terminals, the aspect ratio is set
to 0.5 (which is a value out of the range of the present
invention), the line width of the turns of the conductor line
3a that are adjacent to each other in the radial direction
is set to 10 mm (which is a value out of the range of the
present invention), the spacing (so-called line spacing)

S between the turns of the conductor line 3a from each
other is set to 8 mm (which is a value out of the range of
the present invention), and the number of turns in the
conductor pattern is set to 1.75 as in model 1. The graph
of Fig. 7 shows that, while the size of the magnetic field
of the RFID tag of the present invention 1 at 915 MHz
that is the operating frequency is a value over 100 (A.U.),
the size of the magnetic field of the RFID tag of model 3
at 915 MHz that is the operating frequency is less than
10 (A.U.), resulting that the communication distance of
the RFID tag of the present invention 1 can be increased
as compared with that of the RFID tag of model 3.
[0069] In the RFID tag of model 3, all values of the
aspect ratio, the line width of the conductor line 3a, and
the spacing between the turns of the conductor line 3a
are out of the ranges of the present invention, and it is
important that the aspect ratio falls within the range of
1.0 to 5.0, the line width of the conductor line 3a falls
within the range of 2 mm to 7 mm, and the spacing be-
tween the turns of the conductor line falls within the range
of 2 mm to 7 mm, as in the present invention.
[0070] In Fig. 8A, the data of the RFID tag of the present
invention 3 having a different specification from the spec-
ification of the present invention 1 and the specification
of the present invention 2 are plotted with black squares,
and the data of the RFID tag of model 4 as a comparative
example are plotted with outlined downward triangles.
[0071] In the RFID tag of the present invention 3, the
antenna is disposed in the antenna-forming area be-
tween the outer peripheral edges of the insulating layer
and the plurality of connection terminals, as described
above, the aspect ratio is set to 1.67 (a value different
from the values in the present inventions 1 and 2), the
line width of the turns of the conductor line 3a that are
adjacent to each other in the radial direction is set to 3
mm (a value different from the values in the present in-
ventions 1 and 2), the spacing (so-called line spacing) S
between the turns of the conductor line 3a from each
other is set to 3.9 mm (a value different from the values
in the present inventions 1 and 2), and the number of
turns in the conductor pattern is set to 5.75.
[0072] In contrast, in the RFID tag of model 4, the an-
tenna is disposed to be located in almost half of an an-
tenna-forming area R between the outer peripheral edg-
es of the insulating layer and the two input and output
terminals 5A and 5B, as shown in Fig. 8B, the aspect
ratio is set to 1.67 (within the range of the present inven-
tion), the line width of the turns of the conductor line 3a
that are adjacent to each other in the radial direction is
set to 3 mm (within the range of the present invention),
the spacing (so-called line spacing) S between the turns
of the conductor line 3a from each other is set to 2.5 mm
(within the range of the present invention), and the
number of turns in the conductor pattern is set to 5.75.
[0073] The graph of Fig. 8A shows that, while the size
of the magnetic field of the RFID tag of the present in-
vention 3 at 915 MHz that is the operating frequency is
a value over 100 (A.U.), the size of the magnetic field of
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the RFID tag of model 4 at 915 MHz that is the operating
frequency is nearly 75 (A.U.), resulting that the commu-
nication distance of the RFID tag of the present invention
3 can be increased as compared with that of the RFID
tag of model 4. This is considered to be because in the
RFID tag of model 4, almost half of the antenna 3 is dis-
posed in an area shifted inwardly out of the antenna-
forming area R formed on the outer periphery of the IC
chip 1 and therefore the outer diameter dimension of the
antenna 3 is reduced.
[0074] The present invention is not limited to the afore-
mentioned embodiments, and various modifications can
be made without departing from the gist of the present
invention.
[0075] In the aforementioned embodiments, the anten-
na-forming area is formed over substantially the entire
periphery of the insulating layer by winding the conductor
line 3a inside the input and output terminal 5B so that the
conductor line 3a wound inwardly does not overlap itself
that is connected to the input and output terminal 5B, but
the antenna-forming area may be formed over the entire
periphery of the insulating layer by winding it so that the
conductor line 3a wound inwardly overlaps itself that is
connected to the input and output terminal 5B. In this
case, in order to avoid the conductor line 3a overlapping
itself (i.e., a portion of the conductor line 3a connected
to the input and output terminal 5B and a portion of the
conductor line 3a wound inwardly) from coming into con-
tact with itself in the vertical direction, the insulating layer
is formed so that one of the portions of the conductor line
3a is moved upward apart from the other portion and the
conductor line 3a that has been moved upward is main-
tained at the position.
[0076] Further, in the aforementioned embodiments,
the antenna is configured by disposing the conductor line
3a into a spiral in parallel, but the antenna that is wound
multiple times may be configured by stacking two or more
of single layers formed by disposing the conductor line
3a into a loop on the insulating layer.
[0077] Further, in the aforementioned embodiments,
the antenna is formed on the upper surface of the pack-
age of the IC chip, but the antenna may be formed on a
substrate provided to mount the IC chip. Such an em-
bodiment is carried out by providing a plurality of con-
nection terminals for being connected to the IC chip on
the substrate.

REFERENCE SIGNS LIST

[0078]

1: IC chip
2: Insulating layer
3: Antenna (conductor pattern)
3a: Conductor line
3A: First conductor line
3K: Opening
4: RFID tag

5A, 5B: Input and output terminal (connection termi-
nal)
5C, 5D: Dummy terminal
6: Booster antenna
7: Table
8: Insulating layer
9: Conductor pattern (antenna)
9a: Conductor line
9A: First conductor line
9K: Opening
10: Mount
10A: Recess
H:Long-side length
L: Short-side length (line width)
S: Spacing
Z1, Z2: Distance

Claims

1. An RFID tag comprising:

an antenna configured to perform transmis-
sion/reception of signals with a reader/writer;
an IC chip to which the antenna is connected;
an insulating layer on which the antenna is
formed;
a plurality of connection terminals inside outer
peripheral edges of the insulating layer; and
an annular antenna-forming area formed on the
entire periphery or substantially the entire pe-
riphery of the insulating layer,

wherein the antenna is formed into a loop, with one
of the plurality of connection terminals serving as a
starting point and any one of the remaining connec-
tion terminals serving as an endpoint, so that a con-
ductor line is turned within the antenna-forming area,
wherein the conductor line has an aspect ratio in a
range of 1.0 to 5.0,
wherein turns of the conductor line that are adjacent
to each other in a radial direction orthogonal to a
turned direction of the antenna have substantially
the same line width,
wherein the line width is set within a range of 2 mm
to 7 mm, and
wherein a spacing between the turns of the conduc-
tor line that are adjacent to each other in the radial
direction is set within a range of 2 mm to 7 mm.

2. The RFID tag according to claim 1, wherein
the number of turns in the antenna is 1.5 to 10.

3. The RFID tag according to claim 1 or 2, wherein
the insulating layer is a package of the IC chip, and
the antenna is provided on the package of the IC
chip.
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4. The RFID tag according to claim 1 or 2, wherein
the insulating layer is a package of the IC chip, and
the RFID tag further comprises a booster antenna
configured to operate at substantially the same fre-
quency as the antenna set forth.

5. The RFID tag according to any one of claims 1 to 4,
wherein
the antenna is configured to perform wireless com-
munication in the UHF band.
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